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On the _Polarization of'platinum -plates. 487 

Now 

Sj _ r2 J i + tan ~ ~ _ rj . 
S1 ri ~/1 +tan:-4}1 - r i '  

that is, if r2 is considerably lower than rl, E~ will be in the 
same proportion lower than El, and hence R may be a good 
deal smaller than the impedance of the primary. 

LX. On the _Polarization of Platinum Plates. 
By C. t{. DRir~R, B.A., D.Sc.* 

T HE fact of the decomposition of dilute sulphurie acid by 
the passage between platinum electrodes of electricity 

through a voltameter containing it, involves an expenditure 
of energy. This energy is made available by a sudden fitll 
of the curren~ through a certain difference of potential nume- 
rically equal to the energy absorbed by the quantity of water 
which one unit of electricity decomposes. The cause of this 
sudden fall of potential within the voltameter over and above 
that due to the resistance of the liquid as a conductor is the 
modified condition assumed by the platinum plates, which 
leads to the phenomenon called polarization. Those portions 
of the gaseous products which come first into contact with 
the platinmn, especially in the case of hydrogen, either form 
with the platinum a chemical combination, or undergo such 
physical or chemical modification by occlusion or condensation 
as results in a loss of energy and resulting fall of potential. 
This modification of condition progressively diminishes in 
the successive layers as we proceed outwards from the pla- 
tinum plate, until a layer is reached which is beyond the 
reach of the influence of the platinum, and where the gas 
escapes fi'eely as fast as it is formed. The result of this 
polarized condition of the electrodes is manifested as an 
electromotive force opposed to that which produces the cur- 
rent. The electromotive force of polarization has for each 
electrol3te a theoretically fixed maximum value, and expe- 
rimentally there appears to be an approximately constant 
maximum value which is always above the theoretical value 
when any considerable current is passing, and which varies 
with the conditions of the experiment. Tiros Professor Tait, 
in some experiments described in the 'Philosophical Maga- 
zine'  for September 1869, found (taking the electromotive 

* Communicated by the Aulhor. 
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488 Dr. C. H. Draper on the 

force of a Daniell cell as 1"1 volt), using 
2 Grove cells, polarization E.M.F. =2"15 volts. 
4 ,, ,, ,, = 2"3 ,, 
8 ,, ,, ,, = 2"5 ,, 

The objects with which the experiments described below 
were undertaken were to ascertain whether the electronmtive 
force of polarization has a sensibly constant value beyond a 
certain maximmn limit, and what is the effect upon it 
of change of temperature. The me,hod of experimenting 
was to pass currents of various known strengths through a 
voltameter filled with dilute sulphuric acid, and to note 
the difference of potential between the electrodes by means 
of a quadrant-electrometer. Since Ohm's taw is true for 
electrolytes, at least within the limits of probable error 
in experiments of this kind, there will be a difference of 
potential between the electrodes just as between the two 
ends of u wire. ]f R be the resistance of the colmnn of 
liquid, and C a value of the current which is not less than 
that value corresponding to e the maximum value of the 
electromotive force of polarization, and if E be the dif- 
ference of potential observed between the electrodes, then 
E-----e+CR. Any increase in the value of C will now be 
the accompaniment of an increase in the value of E. If, 
then, the observed values of E and C be marked out along 
axes at right angles to each other, 
the equation E = e 4- CR will re- Fig. 1. 
present a straight line, e being 3 / 
represented by the intercept on 
the axis of potential (0y), and the 
resistance of the voltameter being 
indicated by the tangent of the 
angle which the straight line makes e .... 
with the axis of the current (Ox). 
If, then, the temperature at which 
the process takes place has an effect ~¢ 
on the amount of the maximum pc- o 
larization, this will be manifested by 
a change in the value of the intercept, while the change in 
the slope of the line will indicate the change in the resistance 
of the voltameter. 

A pparatus.--The circuit consisted of a battery, B, and a 
voltameter, V, connected through a commutating-key, K, 
with a tangent-galvanometer, G, the electrodes of the volta- 
meter being connected also with the terminals of a quadrant- 
electrometer, ]~. The voltameter was placed inside a large 
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Polarization of Platinum Plates. 489 

water-bath, and a thermometer~ t, was suspended dipping 
into the liquid of the voltameter. A battery of Grove cells 
was used, the number of cells varying from 1 to 10. The 
voltameter was a glass tube of an inch in diameter, and six 
inches high. The electrodes were strips of platinum about 
1½ inch long and nearly ¼ inch wide, connected by pieces of 
platinum wire which passed through the glass to binding- 

Fig. 2. 

]E 

-IE 

screws fixed on a wooden collar which surrounded the neck 
or" the instrument. The water-bath was contained in a copper 
vessel, and heated by a Bunsen burner. 

The electrolytic liquid consisted e t a  10-per-cent. solution 
of pure sulphuric acid (sp. gr. 1"842) in distilled water. The 
voltameter was emptied and refilled at the commencement of 
each day's experiments, so that the solution never varied much 
in strength. The thermometer employed was one whoso 
error had been previously found to be negligibly small ; and 
it being necessary that the temperature of the liquid in the 
voltameter should be accurately known, it was suspended 
with its bulb dipping into the liquid. Some experiments 
were made to see whether error was likely to be introduced 
by this ; and it was found that when the stem of the thermo- 
meter was actually between the electrodes, it had a small but 
appreciable effect on the resistance of the column of liquid, 
but when the bottom of the bulb was above the top of' the 
plates there was no measurable effect. It was concluded 
that the thermometer might be placed with its bulb dipping 
into the liquid but above the platinum plates, and that any 
small alteration in its position from day to day would not 
introduce sensible error. The voltameter was always filled 
quite full, so that the introduction of the thermometer did 
not alter the resistance by raising the level of the liquid. 
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490 Dr. C. H. Draper on the 

.Preliminary Experiments.--A set of readings was flrs~ 
taken with thetemperature approximately constant at 18°'5 C., 
and with rather weak currents, the tangent-galvanometer 
having two rings and sixty turns of wire. The readings 
were : -  

Electrometer- Tangent of 
divisions, galvanometer- 

deflection. 
26"5 . . . . .  "161 
27"3 . . . . .  "260 
28"6 . . . . .  "471 
29"5 . . . . .  "922 
30"0 . . . . .  1"340 

Here evidently the current was increasing faster than the 
potential-difference ; and the inference was that the polariza- 
tion was increasing in amount, and did not reach a steady 
value with such currents as could be measured by this galva- 
nometer. A galvanometer with a single ring was therefore 
used in the greater part of the experimen~. To obtain a 
deflection as high as 45 ° on this galvanometer it was neces- 
sary to use eight or ten Grove cells; and the potential- 
difi~rence with such strong currents was such as to send the 
spot of light off the scale when the distance from mirror to 
scale was that for which the divisions represented equal diffe- 
rences of potential. The scale was therefore moved nearer the 
mirror and calibrated. A current was sent by five Leclanohd 
cells through 12,000 ohms resistance, while the electrometer 
was joined to two movable points in this resistance. Between 
these two movable points various resistances were included, 
from 1000 to 12,000 ohms ; the readings being taken up one 
side of the scale and back, then up the other side and back to 
zero, in m'der to eliminate the effect of loss of charge in the 
electrometer. The scale was thus divided into twenty-four 
parts~ corresponding to equal differences of potential, and a 
table was drawn up from which the value of any deflection 
could be obtained in terms of the central scale-division. The 
scale was put as accurately as possible at the same distance 
from the mirror on each day ; but in order to ensure absence 
of error from displacement of the scale, as well as to have a 
less arbitrary unit than a scale-division, the deflection pro- 
duced by a standard cell was taken at the beginning and end 
of each set of observations. 

The Standard CelL--The cell chosen was a modified form 
of the Daniell, resembling that described by Professor Lodge 
in the Philosophical Magazine for January 1878. In a 
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Polarization of Platinura Plates. 

small glass bottle, A A, was placed a weak 
solution of zinc sulphate, which reached to 
the level, a a. The bottle was closed by  a 
cork, through which passed two glass 
tubes, B, C, of about ½-inch bore, and open 
at each end. C contained a strip of amal- 
gamated zinc, which could be lowered into 
the zinc sulphate or raised out of it as 
required. The tube B contained a thick 
copper wire, which was gutta-percha 

491 

Fig. 3. 

covered (except for about half an inch 
where it passed beyond the lower end of the tube), and 
passed into a test-tube, D, through a cork, E. This test-tube 
was filled up to the level a a with a saturated copper sulphate 
solution, and the naked part  of the copper wire was embedded 
among crystals of copper sulphate placed at the bottom of the 
test-tube. The level of the liquids was about half an inch 
below the top of the test-tube. Scarcely any diffusion of the 
liquids is possible ; and this form of the Danietl, though useless 
as a means of producing currents, has a very constant electro- 
motive force. 

l~eadings.--A series of experiments was made at the tem- 
peratures 40 °, 60 °, 80 ° C., and with the water in the bath 
boiling. The readings were taken in sets, proceeding from 
weaker to stronger currents and back again, so as to elimi- 
nate the effects of  possible leakage of the electrometer. The 
galvanometer-deflections were corrected for torsion of the 
suspending fibre, and the electrometer-readings for scale- 
error. In  the following table, E indicates the electrometer- 
readings and 6 the deflection of the galvanometer-needle. 

Temp. 40 ° . 

E. Tan0. 

25"0 '1187 
27'0 "1585 
28"9 "2045 
31"45 "2621 
35"1 "3476 
38"9 "4323 
41"5 "5024 
44-8 "5722 
48'0 "6363 
52"0 "7120 
54"8 "7673 
5665 "7999 

Temp. 60 ° . 

E. 

22"5 
24"15 
26"0 
28"1 
30 '25 
33'0 
36"7 
39"2 
41"4 
45'0 
53'0 
60'1 

E. Tan 0. 

22'95 "1026 
24"9 "1463 
28"3 "2127 
31'9 "2881 
36"6 "3925 
40"4 "4661 
44"25 "5722 
49"6 "6829 

Temp. 80 ° . 

Tan 0. 

"1178 
"1495 
"1927 
-2292 
"2766 
"3396 
"4171 
'4828 
-5446 
'6041 
"7651 
"8810 
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492 Dr. C. H. Draper on the 

The readings taken with the liquid boiling wet% as m~ght be 
expected~ somewhat irregular, but in all the potential value 
for the same current was considerably lower than at 80 °. 

It  is evident~ on comparing the values of E and tan 8 at the 
different temperatures~ that for any given value of the current 
the potential-difference diminishes with rise of temperature. 
It  was then decided to reduce the results to absolute measur% 
so that something more than comparative values might be 
indicated. 

Reduction to Absolute Measure. (1) T]~e Current.--For 
this it was necessary to find the galvanometer-constant and 
the horizontal intensity of the earth's magnetism for the 
position of the galvanometer. 

Galvanometer-constant.--The single ring had a mean dia- 
meter of 43"21 centim.~ and its calculated constant was thus 
• 2908 ; as determined by the quantity of hydrogen liberated 
in the electrolysis of water it was "2902. The mean of these, 
• 2905~ was taken. 

Determination of t t . --The value of the horizontal com- 
ponent of the earth's magnetism for the position of the 
galvanometer was determined by means of a Kew unifilar 
magnetometer to be "1830. 

(2) The .Electromotive Force.--To reduce the electrometer- 
readings to absolute units the E.M.F. of the standard cell 
had to be ascertained~ since the E.M.F. of a Daniell cell has 
been variously given from "978 volt (Latimer Clark) to 1"137 
volt (Kohlrausch), depending on the strength of the solutions 
employed. 

Determination of the E.M.F. of the Standard CelL--The 
following method was adopted to find the E.M.F. The sen- 
sitive galvanometer employed in Poggendorff's method was 
replaced by a condenser and the galvanometer was placed as 
a shunt to the condenser. 

The accompanying figure shows the connexions. B a 
battery of two Daniell cells of the gravitation-pattern is 
connected through C K, a commutating-key~ with a circuit 
containing S G, a standard tangent-galvanometer, and M N, 
a resistance-box containing 12~000 ohms. B~ the standard 
cell, has one terminal joined to P~ a movable plug in the 
resistance-box, and the other terminal to one coating of the 
condenser, C~ of which the other coating is joined to Q~ another 
movable plug. R G is a delicate reflecting-galvanometer 
joined~ through a contact-key~ K~ with the condenser C. A 
steady current was allowed to flow round the circuit B ]~ N, 
and the resistance P Q was so adjusted, without altering the 
whole resistance M N, that on depressing the key K there 

D
ow

nl
oa

de
d 

by
 [

M
on

as
h 

U
ni

ve
rs

ity
 L

ib
ra

ry
] 

at
 1

9:
33

 1
1 

Ju
ne

 2
01

6 



Polarization of Platinum Plates. 493 

was no deflection on the reflecting-galvanometer. The E.M.F. 
of B2 is then equal to the difference of potential between the 
points P, Q in the primary circuit. 

Fig. 4. 

C.K. ~-G. B 

- \ 
M N 

The tangent-galvanometer had two equal parallel coils of 
approximately square section placed at a distance apart nearly 
equal to their mean radius, which was about 18"25 eentim. 
Each coil consisted of 22 layers of 20 turns each. The de- 
flections were read by a telescope placed underneath the scale, 
which was straight and was divided into cenlimetres and 
millimetres. The distance from mirror to scale was 345"44 
centim. The galvanometer-constant ,,/ was calculated to be 
1/0"004618, so that, neglecting torsion, the absolute strength of 
a current measured on this galvanometer is 0"004618 t t  tan 0. 

Torsion.--On turning the torsion-head through 360 ° the 
needle was deflected through 118 / . T h e  factor needed to 

21600 1 0055 correct for this effect is therefore ~ =  " . 

Value of H.- -The value of H for the position of the galva- 
nometer was ascertained by comparing the time of vibration 
of the magnetometer-needle in that position with the time of 
vibration in the place for which the value of H had been 
accurately ascertained. The mean of two determinations of 
the period of vibration was 4"314 seconds. In the room 
where the value of H was "1830, the time of vibration was 
4"2085 seconds ; so that the value of H in this spot was 
"183 × (4"2085)2+(4"314) ~, whence H= '1742 .  

Readings.--The resistance in the main circuit was about 
4000 ohms, and 10 microfarads was the capacity employed, 
and the arrangement was sensitive to within "25 per cent. of 
the quantity to be measured. Readings of the gah, anometer 
were taken on both sides of zero, and the mean of four, which 
were very close together , gave 
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494 Dr. C. H. Draper on the 

No. of ohms in No. of ohms Deflection on 
main circuit, between PQ. scale in eentim. 

4115 2110 44"64 
If  t~ be deflection of needle, tan 2/9----44"64--345"44----'1292, 

whence 2~?_-7 ° 21 ~ 45 ~I arid 6 ~ 3  ° 40 ~ 52 n. Corrected for 
torsion, ~ : - 3  ° 42 ~ 5 u and tan 8 = ' 0 6 4 6 9 ;  whence if C-~  
current in absolute measure, C = "004618 x '1742 x "06469. 
The resistance between the polnts P, Q- -2110x  109 in abso- 
lute units; therefore E.IVI.F. of cell ---- CR-- -2110×10~x 
'004618 x "1742 x "06469--1'098 x l0  s, or 1 '098 volt. 

Here and throughout the old value of the ohm is taken. 

After the results were reduced another correction was 
applied for the effect of the platinum wires to the end of 
which the electrometer-wires were joined, and which, being 
in the battery-circuit, caused the potential-readings to be 
higher than would have been the case if the electrometer had 
been joined directly to the electrodes. Their resistance a~ 
16 °, as determined by the Wheatstone-bridg% was "22 ohm ; 
and from Siemens' forrnul% 

r ,  = ro { "03969 T½+ " 0 0 2 1 6 4 T -  "2413}. 

The resistance at 40 ° is thus "253 ohm, and at 80 ° is 
• 283 ohm. 

The following table gives the reduced observations for 40 ° 
and 80 ° , and the curve in the accompanying figure shows the 
relation between them. The observations for 60 ° and 100 ° 
are not given~ as they would only serve to confuse the figure. 
The current-values are in ampere% and the differences of 
potential in volts. 

Temperature 40 ° 13. Temperature 80 ° O. 

Current. Difference of 
potential. 

0'63 2"75 
0"84 2"92 
t '09 3'08 
1"39 3"31 
1"85 3"59 
2"3.1 3'92 
2"67 4"14 
3"04 4'42 
3'38 4"70 
3"78 5'06 
4"08 5"31 
4"25 5"47 

Current. Difference of 
potential. 

0"62 2'40 
0"79 2"54 
1"02 2"64 
1"22 2"87 
1"47 3"11 
1"80 3'29 
2"22 3"57 
2"57 3"85 
2"89 4"01 
3'21 4'24 
4'07 4"80 
4"63 5"44 
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Polarization of Platinum Plates. 495 

The characteristics of both lines are the same. At both 
temperatures, for values of the current lower than "5 ampere 
the line is concave to the  axis of current. An accident to 
the voltameter during the time that this part of the curve was 
being investigated rendered these readings less trustworthy 
than the rest. The course of the lines is therefore only 
roughly indicated by dots ( . . . ) in this part, bul 
it may be noticed that they seem to t~end towards a common 
point on the axis of potential at about 1"5 volt. The curved 

Fig'. 5. 

1'0 2~'0 3 '0  4 '0  5"0 
Ampere~ .  

part of the line extends to a point where t~he current-value 
was about 1"3 or 1"4 ampere, the current-strength required 
for the establishment of maximum polarization being some- 
what greater at the higher temperature. Beyond this point 
both lines are for some distance straight, a dex iation becoming 
agaiI~ manifest when the current-value reaches 3"5 amperes, 
where the line turns up and becomes convex to the current- 
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496 Profs. Ayrton and Perry on the 

axis. The explanation of this seems almost certainly to be 
an increase in the resistance of the liquid column, owing to 
the presence in considerable quantity of the gaseous products 
in the path of the current. A straight line dotted thus .. . . . .  
has been ruled through those points which lie on the straight 
part of the curve, to cut the axis of potential. Representing 
this straight line by the equation E = e + C R ,  and putting in 
the numerical values of E and C, a series of equations was 
obtained containing e and R. The mean value of e at 40 ° is 
2"32, and at 80 ° 2"08 ; and these values of the intercept on the 
axis of potential represent in volts the values of the maximum 
steady electromotive force of polarization at these tempera- 
tures under the conditions of the experiment. The difference 
• 24 volt, produced by a rise of 40 ° in temperature~ gives "26 
per cent. as the rate of variation per degree at temperature 
40 °. The other constant R of the straight line, representing 
the tangent of its angle of inclination to the axis of current, 
being the quotient of potential by current~ indicates the resist- 
ance of the voltameter under the conditions of the experiment. 
The mean values of R obtained from the equations were for 
40 °, "69, and for 80°7 "67 ; these numbers representing in ohms 
the working resistance of the voltameter. 

Conclusions.--(l) The opposing electromotive force of 
polarization which arises in cells when at work depends 
on the value of the current passing through them when that 
current is below a certain value~ increasing~ but more and 
more slowly, with the current. 

(2) There is a maximum value of the polarization regarded 
only as a function of the current-strength~ beyond which any 
increase in the strength of the current has no effect upon it. 

(3) The electromotive force of polarization varies with 
temperature~ its value decreasing about 1 per cent. for a rise 
of temperature of 4 ° C. 

The method of experiment was suggested by Professor 
Carey-Foster, in whose laboratory the experiments were 
made,  

LXI.  The Magnetic Circuit of Dynamo Machines. 
By W. E. AYRTON and J o g s  PERRY.* 

[Plate IV.] 

I N this paper we shall use the following symbols : -  
Dimensions are given in centimetres~ current in amperes~ 

potential differences and electromotive forces in volts~ re- 
sistances in ohms 

* Communicated by the Physical Society : read March 10~ 1888. 
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